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INTRODUCTION 


In  order  to  establish  comprehensive  laser  eye  safety  standards,  it 
is  necessary  to  consider  the  effects  of  the  atmosphere.  Molecules  and 
aerosols  in  the  atmosphere  will  absorb  and  scatter  laser  radiation,  while 
turbulence  in  the  atmosphere  will  cause  spatial  and  temporal  redistribution 
of  the  beam's  energy  at  the  target  plane.  This  bibliography  attempts  to 
compile  theoretical  and  experimental  information  pertaining  to  all  these 
effects*. 

The  bibliography  addresses  the  low  power  laser  operating  in  the 
ultraviolet,  visible,  or  infrared  spectral  regions  (i.e,,  roughly  0.2  to 
11  ym),  over  an  arbitrary  atmospheric  path  (i.e.,  horizontal,  vertical 
or  slant  path)  up  to  100  km  altitude.  Only  normal  atmospheres  (i.e., 
no  countermeasure  smoke**  or  nuclear  perturbation)  were  considered. 

Multiple  scattering  effects**  (except  relating  to  turbulence),  and  non¬ 
linear  propagation  effects  such  as  thermal  blooming,  saturation  bleach¬ 
ing,  and  aerosol  vaporization  or  alteration  were  not  addressed. 

References  were  also  included  in  the  bibliography  to  papers  con¬ 
taining  information  on  peripheral  areas  such  as  the  condition  and  compos¬ 
ition  of  the  atmosphere,  the  optical  properties  of  aerosol  materials,  and 
the  precise  location  of  various  laser  lines  (since  they  would  be  required 
in  line-by-line  modeling).  However,  because  of  the  breadth  and  many 
facets  of  these  subjects,  it  was  not  possible  within  the  scope  of  this 
effort  (i.e.,  approximately  three  man  months  were  allocated  to  this 

*Thia  information  will  be  evaluated  in  a  subsequent  report,  in  order  to 
establish  the  state-of-information  on  these  effects,  and  to  recommend 
analytical  models  to  be  employed  for  setting  more  comprehensive  laser 
eye  safety  standards. 

**References  to  these  subjects  were  included  when  readily  available. 
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task)  to  cover  the  material  to  the  same  depth.  For  example,  there  is  a 
wealth  of  information  on  the  molecular,  aerosol  and  turbulence  composition 
of  the  atmosphere  as  a  function  of  altitude,  locale,  time  of  day,  time  of 
year,  etc.  In  these  cases,  an  in-depth  survey  was  not  deemed  warranted 
and  only  the  principal  papers  were  referenced.  The  resulting  biblio¬ 
graphy  le  believed  to  be  comprehensive  regarding  experimental  measure¬ 
ments  on  these  effects  and  their  modeling. 

A  summary  of  the  bibliography  and  the  approach  taken  in  compiling 
the  information  is  given  next  (Section  2).  This  is  followed  by  a  topic 
index  (Section  3)  to  provide  a  finer  subdivision  of  subject  areas  than 
the  ten  categories  (see  Table  1)  allow.  Discussions  with  key  researchers 
regarding  their  current  and  planned  work  is  given  in  Section  A,  followed 
by  the  annotated  bibliography  in  Section  5. 
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SUMMARY  AND  APPROACH 


A  total  of  1050  citations  to  reports  and  papers  on  atmospheric 
effects  are  given  In  the  bibliography;  along  with  approximately  fifty 
additional  references  to  texts.  Over  eighty  percent  of  these  citations 
are  annotated.  They  are  arranged  in  ten  categories  as  shown  in  Table  1. 

Two  thirds  of  these  citations  were  from  journal  articles  and  most  of  the 
others  were  reports.  A  cross  reference  index  is  provided  to  delineate 
those  citations  relating  to  a  number  of  topic  areas  (see  Table  2).  Dis¬ 
cussions  with  a  number  of  key  researchers  in  the  field  indicated  several 
interesting  new  measurements  and  modeling  efforts  (see  Section  4). 

A  number  of  sources  were  utilized  to  compile  the  information  pre¬ 
sented  in  this  bibliography,  including  two  different  computerized  searches, 
several  earlier  technical  reviews  of  the  subject,  and  discussions  with  ex¬ 
perts  in  the  field.  The  most  Important  source  was  the  Lockheed  computer¬ 
ized  bibliographic  search  service  called  the  DIALOG  Information  Retrieval 
Service  [2-1].  Basically  this  system  employs  a  combination  of  user- 
specified  key  words  or  phrases  to  identify  reports  and  articles  of  interest. 
The  computer  prints  the  number  of  papers  it  has  found  with  each  key  word, 
and  (at  the  user's  command)  each  paper's  reference  mate  ial.  For  journal 
articles,  this  reference  material  includes  the  title,  ..uthors,  journal 
name,  volume,  number,  date  and  page  numbers;  and  for  technical  reports, 
the  corporate  author,  report  number  and  in  most  cases,  ordering  informa¬ 
tion  (eg.,  NTIS  number).  The  user  can  also  direct  the  computer  to  print 
if  available,  the  complete  abstract  of  each  paper. 

The  DIALOG  search  was  performed  for  Nichols  Research  Corporation 
by  the  Infrared  Information  Analysis  (IRIA)  Center  at  ERIM  under  the 
direction  of  their  experts  in  the  field  of  atmospheric  effects  and  in¬ 
formation  retrieval,  A.  J.  LaRocca  and  J.  Livisay.  At  their  suggestion, 
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TABLE  1 

BIBLIOGRAPHY  SUMMARY 


the  search  was  made  on  the  SCISEARCH  and  COMPENDEX  data  bases  with  the 
keyword*  combination:  LASER  and  (PROPAOAT  or  TRANKMISS  or  TURBULEN)  and 
not  BLOOM.  SCISEARCH  is  a  multi-disciplinary  index  to  the  literature  of 
science  and  technology  prepared  by  the  Institute  for  Scientific  Informa¬ 
tion  from  about  2600  journals.  COMPENDEX  contains  all  the  information 
in  "The  Engineering  Index"  which  covers  about  1800  journals,  1000  confer¬ 
ence  or  symposia  proceedings,  and  selected  government  reports  and  books. 
Using  the  above  key  word  combination,  the  computer  found  2589  papers  from 
SCISEARCH,  and  1661  papers  from  COMPENDEX.  An  earlier  trial  run  with  the 
same  key  word  combination  appended  by:  (and  MODELS  or  EXPERIM) ,  produced 
only  147  and  256  papers  from  SCISEARCH  and  COMPENDEX  respectively. 

The  second  computerized  search  was  performed  by  NTIS  on  "Atmospheric 
Effects  on  Laser  Beams"  for  the  time  periods  from  1964  through  1974  [1023], 
and  1975  through  September  1978  [1024].  Both  of  these  searches  required 
considerable  manual  review  to  exclude  paperB  that  were  not  pertinent  to 
the  present  problem  (i.e.,  less  than  20%  of  the  papers  were  pertinent). 

For  example,  there  were  a  large  number  of  papers  on  laser  fusion,  laser 
operation,  flow  diagnostics,  non-linear  effects,  and  experimental  or  pro¬ 
gram  planning.  In  order  to  eliminate  such  unwanted  references,  it  was 
necessary  to  read  all  the  titles  and  many  of  the  abstracts.  The  abstracts 
of  all  those  deemed  pertinent  were  read  in  detail  to  extract  one  or  two 
sentences  of  concentrated  annotation  information,  assign  It  to  one  of 
several  categories  (see  Table  1),  and  decide  whether  to  order  the  paper. 

An  explanation  is  required  for  some  of  the  categories  shown  in 
Table  1.  The  categories  ending  in  "Conditions"  generally  refer  to  the 
state  of  the  atmosphere,  such  as  the  number  distribution  of  various 
molecule  and  aerosol  species,  atmospheric  turbulence  levels,  etc.  How¬ 
ever,  ancillary  information  is  also  included  in  these  ’conditions  cate¬ 
gories,'  such  as  the  index  of  refraction  of  typical  aerosol  materials, 
the  spectral  positions  of  laBer  lines  (in  molecular  effects),  etc.  Field 

*Using  only  the  first  letters  of  a  word  locates  all  forms  of  the  word 
(eg.,  TURBULEN  will  give  TURBULENT  and  TURBULENCE). 
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measurements  of  molecular  and  aerosol  effects  were  put  into  another 
category,  since  these  effects  are  very  difficult  to  separate  in  the 
field.  A  general  category  was  included  to  cover  papers  covering  in 
detail  two  or  more  of  the  previous  categories.  A  few  articles  were 
found  on  biological  effects,  so  they  were  included  for  completeness 
in  a  separate  category.  Finally,  Category  10  delineates  the  more 
important  texts  that  have  been  published  on  this  topic. 

Several  other  sources  of  references  were  utilised  during  the 
survey,  notably  other  earlier  surveys  and  reviews.  These  included 
excellent  texts  by  Zuyev  [1096]*,  McCartney  [1028]  and  Strohbehn  [1085]; 
an  IRIA-IRIS  Index  to  the  DoD  Conferences  on  Laser  Technology  [2-2]**, 
the  ACARli  Conference  on  Optical  Propagation  in  the  Atmosphere  [2-3],  and 
review  articles  by  Pante  [627],  Prokorov  [792]  and  Meredith  [1019]. 


*Single  number  in  brackets  indicate  citations  in  the  Bibliography 
(Section  5) . 

**Double  numbers  refer  to  the  references  at  the  end  of  the  report. 
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TOPIC  INDEX 


In  an  attempt  to  improve  the  usefulness  of  this  bibliography,  all 
the  references  were  numbered,  indexed*  and  cross  referenced.  This  index 
indicates  all  those  references  that  pertain  to  a  number  of  different  cate¬ 
gories  that  were  deemed  to  be  of  primary  interest  (see  Table  2).  These 
Include  the  general  type  of  report,  if  a  particular  laser  was  investigated, 
and  several  topics  relating  primarily  to  molecule,  aerosol  or  turbulence 
effects.  Articles  that  give  a  detailed  treatment  of  several  areas  in  any 
one  of  these  topic  areas,  are  Indexed  under  that  general  topic  area. 


*This  Indexing  was  based  only  on  the  title  and  the  annotation,  since  a 
thorough  review  of  these  references  will  not  be  completed  until  the 
next  phase  of  this  contract. 
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TABLE  2 
TOPIC  INDEX 


REPORT  TYPE 
Measurements: 


Theory: 


Models: 


Review: 


2-7,9,15,17,20-26,31-34,36,40,42,44,48,51,52,56,61-71, 

85,89,97,98,101,102,105,108,109,115-117,120,121,123-126, 

128-130,132-137,139,143-152,154-163,165,169-171,178,185, 

197,203,220,236,248-252,257,239,269,274,290,310,311,321. 

322-324,326,327,329-332,335^338,340,350-360,364-367,369, 

376,379-383,386-388,391-393,395,398,401-405,408-412,418, 

419,426,428,431-433,437,439,440,443,445,446,448-452,456, 

458,462,464-466,471,473-475,477-479,482,483,485,486,490- 

492,494,497,507,508,511,516-521,526,534,536,538,543-546, 

553,556,559-564,566,574,576,578-580,582-585,587-590,607- 

609,611,614,648,650-652,656,658,659,662,663,673,674,676- 

680,683-689,691,695,699-702,706,707,711-716,718,719,723, 

726,732,733,735-737,739,747,748,759,766-771,773,775,783- 

786,789,790,795,796,802,805,806,809,812-814,830,831,833, 

834,838,841,850,854,855,858-861,863,867,875,877,880,882, 

884,888,890,891,893-895,898,900-1003 

1,29,41,49,55,91,182,186,188,190,201,202,204,205,238,246, 

253, 257, 279, 280, 282-284, ''95, 334, 345, 372, 373, 375, 387, 414, 

423,425,451,455,464,487,497,514,515,521,523,524,529-532, 

535,539-541,548,550-552,554,555,558,562,565,567-572,575, 

591,592,594,596-606,615-618,620-622,624-626,628,629,632- 

637,640-644,649,653-655,657,664-672,682,696,697,705,708, 

709,731,738,740-743,746,749-751,753-758.760-764,775-779, 

787,794,798,799,803,810,811,816-819,821,822,824,828,832, 

335-8"7, 839, 840, 844, 845, 847-849, 870, 896, 897, 900, 917 

35,37,46,54,60,68,72-79,86,87,90,92,100,107,110,111, 113, 

114,119,122,126-128,138,140,141,164,174,187,209,210,218, 

22O,221,225,230,232,235,236,239,245,265-267,271,291,297-r 

305,316,320,348,396,413,420-422,436,469,486-488,506,547, 

610,613,645,698,725,727,729,792,818,825,826,842,843,845, 

857,864-807,869,872-874,885,891,914,927,933,935-937, 1007, 

1008, 1014,1016,1018,1020, 1027, 1035 

39,78,157,164,236,238,  <74,397,407,415,417,436,438,468, 
472,484,498,499,525,533,549,586,627,631,717,725,752,772, 
788,791-793,801,805,823,829,851,975,1004,1013,1021,1023, 
1024,1028 


MOLECULE  TOPICS 


Line  Absorption:  1.8,13,22,24,26,15,43,57 

Continuum  Absorption:  6,9, 15, 20,25, 34, 46, 50,82, 84, 101 , 107 ,113,116,133, 

907,908,938,943,988 

Scattering:  19,53,959, 1056,1072,1080, 1083, 1096 


Water  Vapor 
(Absorption) : 


COj  Absorption: 

Ng  Absorption: 

0^  Absorption: 

CH^  Absorption: 

Ocher  Molecules 
(Absorption) : 

Line  Parameters: 


7,14, 17, 20-26, 29, 30, 34-36, 41, 42, 47-49, 52, 57 ,60, 
64-67,82, 85,92-94,96,99,102-104,107,117,1  125, 

132-134,147,149,153,157,159-161,168-171,1  ,177, 

178,180,244,917,928,929,943 

1,7, 8, 21-24, 26, 28, 35, 71, 81, 92, 129-131, 135,  1412, 148, 
162,167,174,179 

21,25,31,41,62,82,84,101,115,116,123,142,938 

154,156,158,898 

96,136,155,163,166,175,176 


21,33,38,57,72,92,94,97,98,101,114,127,128,136,137 
148, 150,151, 166, 174-176,978 

11,12,28,63,81,83,123,135,136,137,139,142,164,165 


Line  Position:  71,172,173,181 

Temperature  Effects:  8,13,23-26,119,134,138 
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Fog: 

Haze: 

Smoke : 

Rain: 

Snow: 

Clouds: 
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952,962,966,982-985,988,999,1057,1063,1064,1072, 

1080,1083,1090,1091,1096 

191,241,266,325,345,346,362,368.370,373,389,424. 

425-428,462,463,499,502,503,507,5l0,511,98o 

185,190,192,200,203,204,222,247.248,251,252,256, 
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319-321,335,339,358,395,431,450,471,484,497,906, 

909,914,917,924,926,932,946,956,971,987,993,997, 

1001 


220,231,263,291,301,312,350,357,381,433,476,900, 

906,914,932,946 

185,248,252,266,301,321,343,495,926,976,977,986 


138,262 

385,386 

498,906 


,271,295, 

,399,400, 

,910,914, 


296,312,335,339,349,352,359,360, 

416,434.437,439,459-461,467,494, 

915,917,924,941.956,987,990,1001 


370, 400, 467, 513, 906, 910. P15, 917, 941, 965, 972, 997 
1001 


194,197 

311,319 

305,413 

912-914 


,202,204, 
,332,333, 
,420-422, 
,996  " 


258,263,281,283,291,301,306,310, 
339,347,352,356,363,375,391,392, 
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AEROSOL  TOPICS  (Continued) 


Screening  Agents 
(Camouflage) : 

Mie  Calculations 
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tions)  : 

Optic  Properties: 

Size  Distributions: 
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Angular  Scattering: 
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Statistics: 


Distribution 

Functions: 

Beam  Wander  or 
Spread: 


Saturation: 
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Wavelength 

Dependence: 

Phase: 
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539,967 , 100,1058, 1073,1075-1077 , 1081,1082, 1085- 
1086,1092,1093,1095 


515,518,520-525,537,538,540,541,553,563,564,567, 
570,578-580,582-584,588,590,596,610-612,614,628, 
629.633,639,644,647-652,656,665,667,669,674,676- 
680 ,682,685, 686-69 1,696,699-700,702,703,708,711, 
712,715,723-725,727,729,732-737,739,743,744,750, 
755, 756, 759, 761, 769, 773, 774,783, 785, 786,789,790, 
795,796,802,803,805,807,812,813,818,825,826,828, 
833,839,840,850 


699,703,722,779,819,835,860,870 


.195, 277, 290, 516, 517, 517, 526, 528, 532, 538, 555, 559t 
562,576,607,615,616,635,657,658,659,695,698,704, 
713,720,721,724,734,742,758,567,783,787,805,807, 
814,834,838,842,843,985 

521-523,525,531,540,541,555,567,568,583,589,590, 

603,611-613,629,633,639,664,666,668-672,676-678, 

680,684,710,712,718,719,739,750,754,756,759,770, 

784,820,841,846-849 

519,542,544,566,572,598,645,683,684,692,713,737, 

747,748,817,836,837,751 


582,716-721,723,770 

519,524,534-536,543-546,553,556,566,568,644,664, 

665,698,706-709,745,755,760,799,830,831 
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TURBULENCE  TOPICS  (Continued) 


Coherence: 

Polarization: 


528-531,604,663,673,683,688,697,734,753 

249,253,290,294,569,646,698,701,817 


Index  of  Refraction 

Structure  Function:  853,856-958,864-866,869,872-876,880,882,884,885, 

889,890,892,895-897,1063 

Temperature  Structure 

Function:  859,867,868,870,876,877,881,884,891,894 

Other  Turbulence 
Statistics 

(Velocity,  etc.):  855,860,861,863,888,894 

Altitude  Dependence:  853,857,858,861,864,866,867,873,874,677,880,890, 

952-954,959,983,984,1003 


LASERS 

Argon: 

Carbon  Dioxide: 


Carbon  Monoxide: 
Deuterium  Fluoride: 

Erbium: 

Helium-Neon: 


Helium  Xenon: 
Hydrogen  Fluoride: 
Helium: 

Krypton: 

Nd-Yag: 

Neon: 

Nitrogen  Dioxide: 
Ruby: 

Other: 


55,774,838,978 

1,6-8,10,18,27,36,40,44,45,48,50,56,62,76,80,91, 

92,94,97,98,108,109,114,117,119.121,123,139,165, 

187,202,242,243,269,301,310,520,538,608,609,662, 

706,715,750,795,796,809,830,833,851,909-911,945, 

951,955,956,960,972,975,986,987,1032,1040,1042, 

1045 

42,47,60,64-67,69-72,85,93,102-105,139,948,955 

10,18,44,45,68,74,86,88,89,119,120,126,132-134, 

136-138,202,922,928,955,957,958,966,991,992 

44,127-130,193 

6,38,44,45,163,185,191,228,242,269,271,321,518, 
534,536, 538, 556,559 , 566,576,580,589,608, 609 , 650, 
651,673,685,691,699-702,733,735,736,758,759,769, 
783,784,795,796,809,833,850,901,902,904,910,911, 
916,923,924,926,942,955,967,972,980,987,990,1000 

63 

74,89,111,991,992 

43,132,979 

55 

10,33,172-174,201,202,242,926,928,955 


52,57,202-274,805,806,912,968,979,986 

185,947,1049 
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DISCUSSIONS  WITH  RESEARCHERS  IN  THE  FIELD 


Various  key  researchers  In  the  field  were  contacted  by  telephone 
to  inquire  about  their  latest  work  and  future  plans.  New  references  to 
several  very  recent  and  soon-to-be  published  papers  were  gathered  that 
will  be  included  in  the  reference  list  to  this  report,  but  not  in  the 
bibliography  section. 

Robert  A.  McClatchey;  AFGL  is  planning  to  continually  upgrade  the  AFGL 
line  parameter  tape  [164]  as  new  Information  becomes  available;  no 
changes  to  the  structure  of  the  code  LASER  [79]  are  planned.  They  are 
also  developing  fundamental  aerosol  models  (that  can  be  employed  in 
LASER) ,  including  such  effects  as  particle  grpwth  and  complex  refractive 
index  changes  with  relative  humidity,  effects  of  wind  speed  and  type  of 
air  mass.  They  are  trying  to  find  some  physical  measurement  to  indicate 
the  type  of  air  mass  present,  (eg.,  maritime  aerosols  often  are  present 
in  the  heart  of  the  continent  and  vice  versa).  The  OPAQUE  data  will  be 
used  to  validate  these  fundamental  models  rather  than  to  develop  empir*’ 
leal  models.  The  analysis  of  the  OPAQUE  data  just  started  about  six 
months  ago,  so  no  reports  are  out  on  it  yet.  A  report  is  available 
that  describes  the  experiment  and  presents  some  preliminary  results  [4-1]. 

Robert  W.  Fenn:  AFGL  is  preparing  a  report  on  a  statistical  analysis 
of  the  OPAQUE  measurements  of  visible  and  Infrared  transmission,  meteor¬ 
ological  and  natural  illumination  for  the  winter  [4.2],  This  does  not 
Include  any  laser  propagation  data.  Other  reports  will  be  prepared  on 
analyses  for  other  seasons. 

James  A.  Dowling:  NRL  will  be  making  more  absolute  laser  transmission 
(DF,  C02,  Nd  Yag  and  HeNe)  and  FTS  relative  transmission  measurements 
during  March  at  the  White  Sands  HELSTF  (High  Energy  Laser  Standard  Test 
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Facility)  6.5  km  path.  In  May  they  are  planning  the  same  measurements 
at  the  San  Nicholas  Island  4  km  path.  Transmissometer  measurements  will 
be  done  at  the  same  time  and  over  the  same  path.  They  are  also  planning 
similar  measurements  in  late  summer  1979  in  support  ofs  1)  the  Navy 
Optical  Signatures  Program,  2)  the  A.S.L.  battlefield  aerosol  environment 
program,  and  3)  measurements  in  Germany.  They  are  also  planning  some 
measurements  on  turbulence  effects  at  3.8  pm.  The  high  spatial  and  tempor¬ 
al  resolution  irradlance  structure  will  be  recorded  simultaneously  with 
the  temperature  structure  statistics  of  the  atmosphere  over  a  6.5  km  at 
White  Sands. 

Kenneth  0.  White:  ASL  has  continued  their  measurements  on  Deuterium  de¬ 
pleted  water  [133]  to  consider  the  pressure  dependence  of  the  absorption 
[4-3].  They  found  the  ratio  of  foreign-to-self  contributions  a  factor  of 
ten  less  than  measured  by  Burch.  They  have  also  made  a  series  of  measure¬ 
ments  on  the  transmission  of  an  HF  laser  (2.7  -  3.1  pm)  at  five  tempera¬ 
tures  from  ambient  to  -18°C,  and  at  various  ratios  of  self-to-foreign 
gases  [4-4].  Significant  differences  from  the  AFGL  tape  [164]  were 
observed.  They  are  currently  calibrating  a  spectrophone  with  this  data 
to  extend  the  measurement  to  -50°C.  They  are  also  planning  to  measure 
the  water  vapor  continuum  with  a  COj  laser  and  to  determine  the  dimer 
contribution.  They  are  also  planning  laser  absorption  measurements  in 
the  3-5  and  8-12  pm  region  on  the  battlefield  gases. 

Barry  S.  Katz:  Naval  Surface  Weapons  Center  is  Involved  in  modeling 
the  performance  of  optical  systems  (including  lasers)  as  it  Is  affected 
by  a  statistical  marine  atmosphere,  based  on  weather  ship  data  using 
simple  expressions  assuming  single  scattering  [4-5].  They  model  the 
turbulence  effects  with  the  models  of  Yura  and  Fried,  which  give  the  beam 
spread  and  tilt  angle.  Initial  beam  divergence  and  jitter  are  also  modeled 
[4-6]. 
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Robert  E.  Roberts;  He  has  done  no  more  work  at  IDA  on  modeling  the 
water  vapor  continuum,  but  is  currently  involved  with  aerosol  effects 
on  optical  systems.  In  applying  the  OPAQUE  measurements  and  their 
statistics  to  slant  path  situations,  he  found  large  differences  with 
the  LOWTRAN  predictions. 

Douglas  R.  Woods:  He  has  not  published  anything  in  the  field  recently, 
suggested  two  reports  [4-7, 4-8]  he  found  recently. 

Ronald  K.  Long:  OSU  has  recently  developed  a  long  path  (1  km)  Fourier 
Transform  Spectrometer  which  has  a  resolution  of  0.05  cm"l  over  the 
region  from  800  to  5000  cm~*,  and  plans  to  measure  water  vapor  absorption. 
They  also  hope  to  measure  ozone  absorption  (both  9.6  pm  band  and  over¬ 
tones)  with  the  Instrument  in  support  of  the  ATMOS  experiment  planned 
for  the  Space  Shuttle.  Their  spectrophone  is  currently  idle,  and  the 
FTS  is  not  fully  committed. 

Frederick  G.  Smith:  Science  Applications,  Inc.  will  be  starting  an  anal¬ 
ysis  of  the  European  aerosol  statistics  measurements  by  the  Atmospheric 
Sciences  Laboratory  in  conjunction  with  the  OPAQUE  program.  These  balloon 
borne  measurements  were  made  by  R.  Pennick  and  J.  D.  Lindberg  at  ASL. 

There  was  a  recent  meeting  in  Germany  in  which  the  U.S.  and  the  Netherlands 
presented  papers  on  aerosols. 

It  is  his  feeling  that  the  molecular  effects  on  the  propagation  of 
DF  and  CO2  lasers  is  well  understood,  with  the  possible  exception  of  the 
temperature  effects  of  the  continuum  and  the  ratio  of  the  self-to-foreign 
broadening.  For  the  CO  laser  there  are  still  questions  regarding  the 
line  shape,  the  existence  of  a  5  ym  continuum,  and  the  accuracy  of  the 
line  parameters  in  this  region,  but  to  his  knowledge  no  one  is  pursuing 
these  problems. 

Robert  E.  Hufnagel :  Perkin  Elmer  has  not  developed  any  new  models  for 
the  state  of  high  altitude  turbulence,  since  his  1974  model  [873]  fits 
the  most  recent  measurements  quite  well.  A  model  based  more  on  physics 
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(hia  is  an  ad  hoc  model) ,  was  recently  developed  by  the  Aeronomy 
laboratory  at  NOAA  [4-9].  The  topic  of  ground  level  turbulence  is 
covered  well  by  Reference  1077. 
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infrared  absorption  spectra  due  to  intermolecular  hydrogen  bonding 
is  developed.  The  very  large  differences  in  absorptivity  between 
water  in  the  vapor  and  liquid  phases  are  explained,  sb  are  'pressure- 
squared'  and  inverse  temperature  dependencies  of  water  cluster  ab¬ 
sorption  in  the  infrared.] 

30.  P.  G.  Cary,  Measurements  of  the  Attenuation  of  Electromagnetic 
Radiation  by  Water  in  the  Visible  Region  of  the  Spectrum,  Missouri 
Univ.  M.S.  Thesis,  1976  (PB  267  916/5  ST) .  [Absorption  of  electro¬ 
magnetic  radiation  by  water  in  the  418-640  nm  wavelength  region.] 

31.  R.  Coulon,  B.  Oksengorn,  S.  Robin  and  B.  Vodar,  J.  Phys.  Radium, 
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2331  cm”!  N2  band,  (pure  N£  up  to  900  atm).] 

32.  W.  H.  Culver,  A.  J.  Glass  and  J.  L.  Walsh,  Atmospheric  Propagation 
for  Laser  Applications,  IDA  S-229,  April  1966  (AD  376  840)7 

33.  J.  A.  Curcio,  Absorption  in  the  Atmosphere  by  the  Oxygen  Dimer  (0) 
Complex  at  1.06  Microns,  NRL  Prog.  Rept.  PB  173468,  October  1966. 
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spheric  paths  (>  80  km)  near  sea  level.] 

34.  E.  K.  Damon,  J.  C.  Peterson,  F.  S.  Mills  and  R.  K.  Long,  Spectrophone 
Measurement  of  the  Water  Vapor  Continuum  at  DF  Laser  Frequencies. 
Interim  Rept.  October  1  -  December  30,  1974,  OSU  Electroscience  Lab 
Rept  No.  ESL-4045-1  (AD-A016  435/0ST).  [Measurements  are  related  to 
the  absorption  coefficients  of  CH4,  N2O,  HDO,  and  the  known  line 
structure  of  H2O  to  infer  the  extinction  coefficient  arising  from 
the  water  vapor  continuum  in  the  region  2550-2750/cm,] 
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compared  with  the  results  of  attenuation  studies  of  solar  radiate  - - 

at  ground  level  in  the  8-12  y.  It  is  concluded  that  the  dimer 
mechanism  plays  an  important  role  in  the  attenuation  of  light  by 
atmospheric  water  vapor  in  this  spectral  region.  ] 


37.  W.  R.  Edmonds,  "isoline  Method  of  Portraying  Atmospheric  Attenuate, 
of  Laser  Radiation,"  Appl.  Opt,.  Vol.  14,  No.  6,  p.  1263,  June  19 
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OSU  Summary  Rapt  EES  324X-1  or  North  American  Rockwell  No.  H921— 
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Atmospheres.  I,  Description  of  Experimental  Apparatus  and  Prelim! n  • 
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region  of  the  spectrum  is  water  vapor  whose  spectrum  is  characterized 
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M.  Kerker,  et  al. ,  "The  Range  of  Validity  of  the  Rayleigh  and  Thomson 
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and  acoustic  pressure  variations  are  examined  and  are  related  to  the 
problem  of  detecting  the  signals  produced  by  the  absorption  of  heat 
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Laser  Radiation,"  JOSA,  Vol.  57,  No.  4,  p.  570,  April  1967.  [Mea¬ 
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63.  R.  K.  Long,  F.  S.  Mills,  Infrared  Line  Shape  Using  a  Tunable  2,01 
Micron  He-Xe  Laser,  OSU  Final  Rept.  No.  ESL-2834-2,  April  1972 

(AD  751  l30):  [Line  widths  of  CO2,  were  measured  in  the  near  Doppler 
pressure  region  (0.5  to  3.0  torr)  and  excellent  agreement  with 
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64.  R.  K.  Long,  et  al,,  "Water-Vapor  bsorption  Measurements  Using  a 
Single  Frequency  CO  Laser,"  JOSA,  Vol.  62,  p.  1382A,  1972.  [Mea¬ 
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Coefficients  for  Highly  Transmitting  CO  Laser  Lines,  OSU  Rept.  No. 
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eleven  CO  lines  (calculations  always  'vlO?  high).] 
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measurements  are  low.  P9(16)  -  Blended  4%  with  P10(1Q);  Modified 
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68.  R.  K.  Long,  F.  S.  Mills  and  G.  L.  Trusty,  Calculated  Absorption 
Coefficients  for  DF  Laser  Frequencies,  RADC-TR-73-389 ,  November 
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*69.  R.  K.  Long  and  F.  S.  Mills,  Calculated  Absorption  Coefficients  for 
Lo-Vibratlonal  CO  Laser  Frequencies,  OSU  Rept.  No.  3271-8,  RADC-TR- 
74-95,  March  1974.  [115  CO  lines  calculated  using  AFCRL  tape. 

P5 ( 1— 20) ,  P4(l-25),  F3(l-25),  P2(l-25),  Pl(6-25)  for  mid-latitude 
summer  model  at  three  altitudes  (0,  3  and  6  km).] 

70.  R.  K.  Long,  F.  S.  Mills  and  E.  K.  Damon,  Molecular  Absorption 
Studies  Using  Infrared  Lasers  (CO,  DF,  COg) ,  Presented  at  La se r 
Radar  Conf. ,  Sendai,  Japan,  and  2nd  High  Resolution  Spectroscopy 
Symposium,  Novosikirski,  USSR,  July  1974. 

71.  A.  W.  Mantz,  E.  R.  Nichols,  B.  D.  Alpert  and  K.  N.  Rao,  "CO  Laser 
Spectra  Studied  with  a  Ten  Meter  Vacuum  Infrared  Grating  Spectro¬ 
graph,"  J.  Mol.  Spect.,  Vol.  35,  No.  2,  pp.  325-328,  1970.  [Mea¬ 
sured  positions  of  CO  laser  lines  accurately.  ] 

*72.  R.  A.  McClatchey,  Atmospheric  Attenuation  of  CO  Laser  Radiation, 

AFCRL- 7 1-03 70,  July  1971  (AD  729  447) .  [ On  high  frequency  end, 

there  is  significant  absorption  by  CO2  and  O2,  and  on  low  end  by 
N2O  and  C.H4.  Calculations  for  midlatitude  winter.  For  good  trans¬ 
mitters,  these  other  models  and  altitudes  given. 1 

*73.  R.  A.  McClatchey,  R.  W.  Fenn,  J.  E.  A.  Selby,  F,  E.  Volz  and  J.  S. 

Garing,  Optical  Properties  of  the  Atmosphere  (Revis-ad),  AFCRL-7 1-0279, 
10  May  1971.  fA  selected  set  of  laser  frequencies  has  been  defined 
for  which  monochromatic  transmittance  values  have  b^en  given.] 
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*74.  R.  A.  McClatchey  and  J.  E.  A.  Selby,  Atmospheric  Attenuation  of  HF 
and  DF  Laser  Radiation,  AFCRL—72— 0312,  23  May  1972  (AD  747  010) . 
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tion  Information  for  each  of  97  laser  lines  for  10  different  atmo¬ 
spheric  models.  Data  based  on  two  different  aerosol  scattering 
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75.  R.  A.  McClatchey,  et  al,.  Optical  Properties  of  the  Atmosphere 
(Third  Edition)  ,  AFCRL-72-0497,  24  August  1972  (AD  753  075).  [A 
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*76.  R.  A.  McClatchey  and  J.  E.  A.  Selby,  Atmospheric  Transmittance.  7-30 
Micrometers:  Attenuation  of  C02  Laser  Radiation,  AFCRL-72-0611 , 

12  October  1972  (AD  753  076).  [High  resolution  calculated  transmit¬ 
tance  curves  are  presented  for  the  spectral  region  320-1400  wavenum¬ 
bers.  Attenuation  coefficients  of  41  C02  rotational  laser  lines  in 
the  10.4  micrometer  band  system  (v3  to  vl).] 

*77.  R.  A.  McClatchey  and  J.  E.  A.  Selby,  Atmospheric  Attenuation  of  Laser 
Radiation  from  0.76  to  31.25  pm,  AFCRL-TR-74-Q003,  3  January  1974 
(AD  779  726/9) .  [High  resolution  atmospheric  transmittance  calcula¬ 
tions  are  presented  (0.7575  to  31.25  micrometers).] 

*78.  R.  A.  McClatchey,  J.  E.  A.  Selby  and  J.  S.  Garing,  Optical  Modelling 
of  the  Atmosphere,  AGARD  Conf.  Proc.  No.  183,  October  1975  (AD-A028 
61^.  [Discusses  the  pertinent  atmospheric  properties  of  temperature 
pressure  and  constituent  distributions.  The  AFCRL  atmospheric  absorp¬ 
tion  line  parameters  compilation  is  then  described,  indicating  the 
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79.  R.  A.  McClatchey  and  A.  P.  D'Agati,  Atmospheric  Transmission  of  Laser 
Radiation  Computer  Code  LASER,  AFGL-TR-78-0029,  31  January  1978. 
[Calculates  monochromatic  extinction  coefficients  for  both  molecular 
and  particulate  components  of  the  atmosphere. ] 

80.  J.  H.  McCoy,  Atmospheric  Absorption  of  Carbon  Dioxide  Laser  Radiation 
Near  Ten  Microns,  0SU  ESL  Rept.  No.  2476-2,  10  September  1968 

(AD  839  938) . 

81.  J.  H.  Mc.Coy  and  R.  K.  Long,  "P(20)  and  P(16)  Carbon  Dioxide  Line 
Strengths  Determined  from  Transmittance  Measurements  in  the  Doppler 
Region,"  Appl.  Opt.,  Vol.  8,  No.  4,  pp.  834-835,  April  1969. 

*82.  J.  H.  McCoy,  D.  B.  Rensch  and  R.  K.  Long,  "Water  Vapor  Continuum 
Absorption  of  Carbon  Dioxide  Laser  Radiation  Near  Ten  Microns," 

Appl,  Opt,,  Vol.  8,  No.  7,  p.  1471,  July  1971.  [Measured  the 
nitrogen  broadening  coefficient  (Cj,  *  0.005  Cs)  of  water  vapor 
continuum  absorption  at  room  temperature  at  10.6  ym.  ] 
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Vapor  Absorption  at  Selected  CO  Laser  Wavelengths  in  the  5  ym  Region,” 
Appl.  Opt.,  Vol.  15,  No.  9,  p.  2025,  September  1976.  [Water  vapor 
absorption  coefficients  at  the  wavelengths  of  the  following  CO  laser 
lines  6-5  P(15)«P(20),  7-6  P(13)-P(19>,  8-7  P(14)«P(17),  9-8  P(9)» 
P(14)  are  tabulated.  The  measurements  were  made  with  a  resonant 
optoacoustic  detector.] 
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207.  R.  J.  Charlson,  "Atmospheric  Visibility  Related  to  Aerosol  Mass 
Concentration,"  Envlr,  Sci.  Tech. ,  Vol.  3,  pp.  913-918,  1969, 

208.  R.  N.  Cleveland,  Multipath  Time  Spreading  of  Optical  PulBes  Propa¬ 
gating  Through  a  Scattering  Medium,  AF  Inst,  of  WPAFB  OH,  Master's 
Thesis,  Rept  No.  AFIT-CI-76-8,  1975  (AD-A025  385/6ST).  [A  con¬ 
trolled  scattering  experiment  wherein  parameters  such  as  particle 
size  distribution,  concentration,  size  and  shape  were  known  pre¬ 
cisely.] 

2Q9,  D.  G.  Collins  and  M.  B.  Wells,  Scattering  and  Reflectance  of  Light 
from  Airborne  Laser  Systems,  RFA  P.ept.  No.  RRA-T88,  15  June  1968 
(AD  881  145).  [Monte  Carlo  program  was  used  to  predict  the  ground 
reflected  and  atnoepherlc  ucettered  components  of  the  scattered 
light  from  airborne  laser  systems,] 
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D.  G.  Collins  and  M.  B.  Wells,  Monte  Carlo  Codes  for  Study  of  Light 
Transport  In  the  Atmosphere,  Vols.  I  &  II,  RRA  Rept.  No.  ECOM-00240-F, 
1965. 

211.  R.  T.  H.  Collins  and  P.  B.  Russell,  "Lidar  Measurements  of  Particles 
and  Gases,"  in  Laser  Monitoring  of  the  Atmosphere,  ed.  E,  D.  Hinkley, 
Springer-Verlag,  NY,  1976.  I  Brief  review  of  scattering  and  extinc¬ 
tion  literature. ] 

212.  J.  A.  Curcio  and  K.  A.  Durbin,  Atmospheric  Transmission  in  the 
Visible  Region,  NRL  Rept.  No.  NRL-536§,  T935T 

213.  J.  V.  Dave,  "Meaning  of  Successive  Iteration  of  the  Auxiliary 
Equation  in  the  Theory  of  Radiative  Transfer,"  Astrophys,  J., 

Vol.  140,  No.  3,  pp.  1292-1303,  1964. 

214.  E.  de  Bary,  K.  Bullrich,  R.  Eiden,  G.  Eschelbach  and  G.  Hanel, 

Research  on  Atmospheric  Optical  Radiation  Transmission,  AFCRL-72- 
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size  of  the  atmospheric  aerosol  particles  and  the  possibllties  to 
evaluate  them  by  optical  methods.  Some  measurement  results  are 
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aerosol  particles.] 

215.  E.  de  Bary,  B,  Braun  and  K.  Bullrich,  Tables  Related  to  Light 
Scattering  in  a  Turbid  Atmosphere,  AFCRL-65-710  (3  volumes), 
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cr“v  d(log  r),  v  ■  2.5,  3.0,  4.0.] 

216.  D.  R.  Deirmend j ian ,  "The  Role  of  Water  Particles  in  the  Atmospheric. 
Transmission  of  Radiation,"  QJRMS,  Vol.. 85,  p.  404,  1959.  [Presents 
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217.  D.  R.  Deirmend j ian,  'Scattering  and  Polarization  Properties  of  Water 
Clouds  and  Ha*es  in  the  Visible  and  Infrared,"  Appl.  Opt.,  Vol.  3, 
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Complex  Index  of  Refraction,"  JOSA,  Vol.  31,  No.  6,  pp.  620-633, 

June  1961.  [Describes  new  set  of  Mie  calculations  and  compares 
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Transmission  Through  Haze,"  Appl.  Opt.,  Vol.  6,  No.  5,  pp.  929-933, 
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[Measures  aerosoi  attenuation  coefficient  versus  altitude.] 
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Meteorological  Range,"  Appl.  Opt.,  Vol.  5,  p.  293,  1966.  [Since 
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Aerosol  Particles,"  in  German,  Beitr,  Phys.  Atmos,,  Vol,  43,  p.  244, 
1970. 

228.  P.  C.  Fletcher,  et  al.,  "A  Technique  for  Improved  Signal-to-Noise 
Performance  of  Laser  Systems,"  Proc.  1st  Laser  Conf.,  Vol.  II, 
pp.  92-104,  January  1964.  [Measures  scattering  function  for  a 
6328  X  las  ar .  ] 

229.  L.  Foitzik  and  H.  Zskhaeck,  Zalt  fur  Meteor. ,  Vol,  7,  No.  I,  p.  I, 
1953.  [Measured  aerosol  attenuation,  found  Angstrom  exponent  of 

n  -  1.2-1. 5  for  5m  >  7.5  km;  and  n  *  0.9  for  5m  «  2  km.] 
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Infrared  Spectral  Regions,  WRE  Rept.  No.  WRE-TN-593  (AP) ,  March 
1972.  [Presents  a  similar  but  more  sophisticated  model  than 
Bamhardt  and  Streetc’s.  Gives  results  for  0.5  -  15  vim;  50,  70, 

90,  95%  R.H.;  continental  and  martime.  Scattering  alone  and 
total. ] 

231.  M.  G.  Gibbons,  "Wavelength  Dependence  of  the  Scattering  Coefficient 
for  Infrared  Radiation  in  Natural  Haze,"  JOSA,  Vol.  48,  No.  3,  pp. 
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at  2.18,  3.61,  10.01,  and  11.48  pm.] 

232.  G.  H.  Goedecke,  The  Use  of  Simple  Observables  to  Predict  Infrared 
Extinction  Coefficient  of  Atmospheric  Aerosols,  Final  Report 
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exhibit  very  \)'iicie  dispersion,  as  much  as  700%,  in  values  of  near 
infrared  wavelengths,  from  the  visible  to  2.0  to  10.6  micrometers.] 

233.  R.  B.  Gomez,  C.  Petracca,  C.  Querfeld  and  G.  B.  Hoidale,  Atmospheric 
Effects  for  Ground  Target  Signature  Modeling.  III.  Discussion  and 
Application  of  the  AS1,  Scattering  Model ,^Rept.  No.  EC0M-555&','  Army 
Electronics  Command,  Ft.  Monmouth,  NJ,  March  1975  (AD-A009  722/0ST). 
[Describes  the  ASL's  single  scattering  model,  which  was  developed 
for  input  to  multiple  scattering  codes  for  the  determination  of  EM  ! 
extinction  caused  by  the  atmospheric  aerosol.  Sample  applications 
will  be  made  to  the  cases  of  haze  and  dust.] 

234.  G.  E.  Gowlns,  W.  T.  Naff  and  W.  Reeves,  Statistical  Analysis  pf,';. 
Aerosol  Scattering  Data,  US  Army  MICOM  RE- 7^-1 2',  August  1972.' 
[Angular  scattering  of  tactical  aerosols.] 

235.  G.  Hanel,  "Computation  of  the  Extinction  of  Visible  Radiation  by 
Atmoopheric  Aerosol  Particles  as  a  Function  of  the  Relative  Humidity, 
Based  Upon  Measured  Properties,"  J.  Aerosol  Sci.,  Vol.  3,  p.  377, 

197?  [Uses  approximate  f ormu la e~ (which  agrees  with  Mie  theory 
witl. ! a  1.5%),  with  six  different  measured  size  distributions  (given); 
induces  effects  of  humidity.  Results  mainly  for  visible  region.] 

236.  F.  S.  Harris,  Jr.,  "Calculated  Mie  Scattering  Properties  in  the 
Visible  and  Infrared  of  Measured  Los  Angeles  Aerosol  Size  Distribu¬ 
tions,"  Appl.  Opt.,  Vol.  11,  No.  11,  pp.  2697-2704,  November  1972, 
[Reviews  models  and  measurements  of  aerosol  scattering  (119  refs.). 
Gives  a  sample  of  eleven  (out  of  scores)  measured  size  distributions 
from  Los  Angeles.  Also  recommends  indices  of  refraction.] 

237.  F.  S.  Harris,  Jr.,  "Atmospheric  Aerosol  Measurement  Problems,"  SPIE 
Vol.  142  Optical  Properties  of  the  Atmosphere,  p.  38,  1978.  [Pre¬ 
sents  knowledge  of  the  atmospheric  aerosolB  summarized  briefly  with 
respect  to  geographical  distribution,  time  variations,  optical  pro¬ 
perties,  chemical  nature,  and  natural  and  artificial  sources.] 
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238.  H.  Harrison,  J.  Herbert  and  A.  P.  Waggoner,  "Hie  Theory  of  Lidar  and 
Nephelometric  Scattering  Parameters  for  Power  Law  Aerosols,"  Appl. 

•  OPt. .  Vol.  11,  No.  12,  pp.  2880-2885,  December  1972.  [Ratios  of  lidar 
backscatter  to  nephelometric  total  scattering  cross  sections  have  been 
computed  for  power  law  aerosols.  The  general  angle-resolved  different¬ 
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able  information  from  scattering  measurements  in  the  atmosphere* ] 

*239.  J.  A.  Hodges,  "Aerosol  Extinction  Contribution  to  Atmospheric  Attenu¬ 
ation  in  Infrared  Wavelengths,"  Appl.  Opt. ,  Vol.  11,  No.  10,  pp.  2304- 
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240.  J.  R.  Hodklnson,  "The  Optical  Measurement  of  Aerosols,"  in  Aerosol 
Science,  C.  N,  Davies  ed. ,  Academic  Press  NY,  1966.  [Mostly  lab 
measurements;  also  results  of  analytical  calculations.] 

241.  G.  B.  Hoidale  and  A.  J.  Blanco,  "Infrared  Absorption  Spectra  of 
Atmospheric  Dust  Over  an  Interior  Desert  Basin,"  Pure  Appl.  Geophya., 
Vol.  74,  pp.  151,  1969.  [Presents  the  effects  of  aerosols  on  laser 
beam  propagation.] 

242.  G.  C.  Holst,  E.  W.  Stueblng  and  R.  W.  Doherty,  "Image  and  Laser 
Screening  by  Tactical  Smoke,"  Proc.  7th  Laser  Conf.,  Vol.  Ill,  p.  59, 
June  1976.  [Low  energy  laser  transmission  measurements  at  0.6328, 

1.06,  3.39  and  10.6  yra.] 

243.  Investigation  of  Linear  Extinction  at  DF  and  CO?  Frequencies  with 
Emphasis  on  Aerosols,  SAI-76-004-AA,  Science  Applications,  Inc., 

Ann  Arfcor,  MI,  31  May  1976.  [Calculates  molecular  absorption 
coefficients  versus  altitude.  ] 

244.  W,  M.  Irvine  and  J.  B.  Pollack,  "Infrared  Optical  Properties  of  Water 
and  Ice  Spheres,"  Icarus,  Vol.  8,  No.  2,  pp.  324-360,  March  1968. 
[Calculation  of  scattering  and  absorption  assuming  a  water  haze.] 

245.  A.  I.  Ivanov,  et  al. ,  Light  Scattering  in  the  Atmosphere  Part  2, 

NASA  Technical  Translation  Publ.  No.  NASA  TTI-F-477,NTIS,  Springfield, 
VA.,  1969. 

246.  J.  C.  Johnson  and  J.  R.  Terrell,  "Transmission  Cross  Sections  for 
Water  Spheres  Illuminated  by  Infrared  Radiation,"  JOSA,  Vol.  45,  No.  6, 
pp.  451-454,  June  1955.  [Scattering  cross  sections  for  complex  index 
of  refraction  for  water  in  infrared  is  calculated  from  Mie  theory.] 

247.  D.  R.  Johnston  and  D.  E.  Burch,  "Attenuation  by  Artificial  Fogs  in  the 
Visible,  Near  Infrared  and  Far  Infrared,"  Appl,  Opt.,  Vol.  6,  No.  9, 
pp.  1497-1501,  September  1967.  [Attenuation  coefficient  ratio  for 
artificial  fogs  has  been  measured  at  345  y.  The  attenuation  coeffi¬ 
cient  ratios  at  0.436  y,  1.01  y,  3.5  y,  10  y,  and  13.5  y  were  also 
measured  so  that  a  comparison  between  artificial  fogs  and  natural 
fogs  could  be  made,] 
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248  M  V.  Kabanov,  "Polarization  of  Laser  Emission  Scattered  by  T- 

and” Smoke,"  &  Oceanic  Physu,  Vol.  4.  Jo.  1  ;  P;  6-  - 

(AD  695  958>“  [The  results  of  experimental  investigations 
degree  of  polarization  of  scattered  forward  and  reflected  lis- 
are  discussed,  including  laser-emission  in  artificial  fog  anw 
smoke . ] 

249  M.  V.  Kabanov,  B.  A.  Savel'yev  and  V.  Ya.  Fadeyev,  Sov. 

No.  7,  p.  140,  1967.  [Detailed  measurements  of  the  brightne»- 

forward  scattered  laser  light.] 
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M.  V.  Kabanov  and  B.  A.  Savel'yev,  Atmos.  ^  7~ 

No.  9,  p.  960,  1968.  [Detailed  measurements  of  the  brightness  — 

forward  scattered  laser  light.] 

M.  V.  Kabanov  and  V.  I.  Bukatyi,  News  of  Instituting  of  Hlghg^r 
Learning,  Physics.  Vol.  10.  No.  8,  1967  (Selected  Article^,  --era. 
No.  FTD-HT-23-251-68,  15  May  1968  (AD  6/y  muTi [Attenuation:  — 
collimated  light  beams  in  dispersive  media;  attenuation  of  la^arr 
beams  in  artificial  water  fogs.] 

M.  V.  Kabanov,  B.  A.  Savel'yev  and  I.  V.  Samokhvaiov ,  ’’Po  la  ra¬ 
tion  of  Laser  Radiation  Scattered  by  Fog  and  Smoke,  Atmos 
Oceanic  Phys.,  Vol.  4,  No.  10,  p.  1115,  1968  (AD 

per  imen  t  a  iinv  estigations  of  the  degree  of  J  radl^ 

scattered  and  backward  scattered  (reflected)  light  during  ra^i^.^ 
discharge  in  artificial  fog  and  smoke  are  given. ] 

G.  W.  Kattawar  and  0.  N.  Plass,  "Influence  of  Farticle^Size  Distri¬ 
bution  on  Reflected  and  Transmitted  Light  from  Clouds,  ftp&b. 

Vol.  7,  No.  5,  pp.  869-878,  May  1968.  [The  light  ref iected 
transmitted  from  clouds  with  six  drop  size  distributions  is 
lated  by  a  Monte  Carlo  technique.  The  scattering  function  or  euca. 
model  is  calculated  from  the  Mie  theory.] 

G.  L.  Knestrick,  T.  H.  Cosden  and  J.  A.  Curcio,  Atmospheric  At tea- 
uation  Coefficients  in  the  Visible  and  Infrared,  NRL  Rept.  No. 
NRC-5648,  1961  (AD  263  44i). 


,,,  j.  s.  Kobler  and  W.  H.  Leonard,  "Assessment  of  Battlefield  Environ- 
ments  for  Laser  Terminal  Homing  Systems  (U),"  Proc.  1st  Laser  Conf.  . 
Vol.  II,  pp.  85-97,  January  1964  (Confidential). [Measured  data  on 
battlefield  aerosols  and  their  effects.] 

256  M.  A.  Kolosov,  "Investigations  of  Laser  Radiation  Attenuation  in 
30 ’  Artificial  Fog,"  1971  Inti.  Sym,  on  Antennas  &  Prop.,  1-3  September 
1971,  Sendai,  Japan]  [Attenuation  of  the  different  wavelengths 
depending  on  the  microphysical  properties  of  the  fog  and  the  de¬ 
pendence  of  the  attenuation  on  its  water  content  and  concentration 
of  drops  have  been  determined.] 
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V.  P.  Kozlov*  and  Ye.  0.  Fedorova,  Sov,  J.  Opt.  Tech.,  Vol.  1,  No.  3, 
p.  1,  1967.  [Calculated  intensities  of  single  backscattered  light 
from  fogs.] 

258.  L.  Kuo-Nan,  "Light  Scattering  by  Cirrus  Cloud  Layers,"  Conf.  on 
Atmospheric  Radiation.  Araer.  Meteor.  Soc. ,  7-9  August  1972.  [Mod¬ 
ified  two-stream  approximation  was  employed. ] 

259.  L.  Kuo-Nan,  R.  Baldwin  and  T.  Kaser,  "Preliminary  Experiments  in 
the  Scattering  of  Polarized  leaser  Light  by  Ice  Crystals,"  J.  Atmos. 
Scl. .  Vol.  33,  No.  3,  p.  553,  March  1976.  [Experimental  results 
reveal  that  the  angular  scattering  diagrams  of  hexagonal  plates 
and  needles  in  the  vertical  polarization  direction  exhibit  no 
specific  features  of  maximum  intensities  such  as  rainbows.] 

260.  S.  W.  Kurnlck,  R.  N.  Zltter  and  D.  B.  Williams,  Atmospheric  Trans¬ 
mission  in  the  Infrared  During  Severe  Weather  Conditions,  U.  ol 
Chi,  Lab  for  Appl.  Sci.,  CML-TN-P-145-3 ,  May 19591  [Data  is  pre¬ 
sented  for  the  1.7-12  pm  spectral  region.] 

261.  S.  W.  Kumick,  R.  N.  Zitter  and  D.  B.  Williams,  "Attenuation  of 
Infrared  Radiation  by  Pogs,"  JOSA,  Vol.  50,  No.  6,  pp.  578-582, 

June  1960.  [Measured  for  wavelengths  from  1-11  pm.] 

262.  R«  K.  Long,  J.  H.  McCoy  and  D.  B.  Rensch,  "Atmospheric  Attenuation 
of  Laser  Beams  at  10.6  pm,"  Proc.  4th  Laser  Conf.,  Vol.  11,  p.  1557, 
January  1970.  [Significant  results  of  previous  publications  of 
Ohio  State  on  clear  air,  fog,  aerosol  and  rain  attenuation  and 
backscatter. ] 

263.  G*  D*  Lukes,  Penetrability  of  Haze,  Fog,  Clouds  and  Precipitation 
by  Radiant  Energy  Over  the  Spectral  Range  0.1  Micron  to  10  Centi¬ 
meters,  Center  for  Naval  Anal.,  U.  of  Rochester,  NY,  Naval  Warfare 
Anal.  Group,  Study  No.  61,  May  1968. 

264.  MacDowall,  "The  Propagation  of  Infrared  Radiation  Through  the 
Lower  Atmosphere,"  Lasers  &  Their  Appl.,  IEEE  Conf.,  London, 

pp.  49-1  through  49-8,  1964. 

265.  D*  MacKinnon,  "The  Effect  of  Hygroscopic  Particles  on  the  Back- 
scattered  Power  from  a  Laser  Beam,"  J.  Atm.  Sci,.  Vol.  26,  pp.  500- 
510,  1969.  [Uses  equations  for  the  growth  of  aerosols  with  humid¬ 
ity  (from  Kohler)  and  Mie  equations  with  a  Junge  size  distribution 
to  calculate  continental  and  maritime  scattering  coefficients.] 
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266.  J.  Mason  and  G.  B.  Hoidale,  Visibility  as  an  Estimator  of  Infrared 
Transmittance,  Rept.  No.  ECOM-5598,  Amy  Electronics  Command,  Ft. 
Monmouth,  NJ,  July  1976  (AD-A031  040/9ST) .  [Models  depicting  haze, 
fog,  smoke,  and  dust  were  constructed  such  that  all  yielded  ident¬ 
ical  transmit tances  at  0.55  micrometers  (center  of  the  visible 
spectrum),  and  transmittances  at  several  infrared  wavelengths  (due 
to  scattering  only)  were  calculated.  Results  show  that  significant 
errors  occur  if  visibility  is  relied  upon.] 
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of  arrival  spectrum. ] 

567.  S.  F.  Clifford,  G.  Ocha  and  R.  S.  Lawrence,  "Saturation  of  Optical 
Scintillation  by  Strong  Turbulence,"  JOSA.  Vol.  64,  No.  2,  pp.  148- 
151,  February  1974.  [Physical  model  to  calculate  variance  and  co- 
var’ince  of  irradiance  fluctuations  in  nou-linear  region.  Develops 
eqi  ation  for  short  term  modulation  transfer  function.] 


568.  S.  F.  Clifford  and  H.  T.  Yura,  "Equivalence  of  Two  Theories  of  Strong 
Optical  Scintillation,"  JOSA,  Vol.  64,  pp.  1641-1644,  1974.  [Develops 
expressions  for  log-amplitude  covariance  function  in  strong  turbu¬ 
lence.  Develops  physical  model  for  saturation.] 


569.  8.  Collett  and  R.  Alferuess,  "Depolarization  of  a  Laser  Beam  in  a 

Turbulent  Medium,"  JOSA,  Vol.  62,  No,  4,  pp.  529-533,  April  1972. 
[The  correlation  function  is  evaluated  for  a  turbulent  medium  which 
is  characterized  by  (a)  a  gaussimi  spectrum  or  (b)  a  Kolmogorov 
spectrum. ] 
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linear  region.  No  comparison  with  measurements. ] 

697.  T.  L.  Ho,  "Coherence  Degradation  of  Gaussian  Beams  in  a  Turbulent 
Atmosphere,"  JOSA,  Vol.  60,  No.  5,  pp.  667-673,  May  1970.  [Method 
of  small  perturbations  is  used  with  the  Kolmogorov  spectrum  to 
calculate  the  degree  of  coherence.] 

698.  H.  Hodara,  "Laser  Wave  Propagation  Through  the  Atmosphere,"  Proc. 
IEEE,  Vol.  54,  pp.  368-375,  March  1966.  [Simple  expressions  are 
obtained  for  the  effects  of  beam  scanning  (quivering),  phase  change, 
cross  section  change  (breathing),  and  polarization  fluctuation.] 

699.  D,  H.  Hohn,  "Effects  of  Atmospheric  Turbulence  on  the  Transmission 
of  a  Laser  Beam  at  6328  A,  I  -  Distribution  of  Intensity,"  Appl, 

Opt. ,  Vol.  5,  No.  9,  p.  1427,  1966.  [Investigated  intensity 
distribution  of  0.6328  |jm  laser  at  various  distances.  Log-normal 
fit  51  out  of  68  measured  distribution  functions.] 

700.  D.  H.  Hohn,  "Effects  of  Atmospheric  Turbulence  on  the  Transmission 
of  a  Laser  Beam  at  6328  A,  II  -  Frequency  Spectra,"  Appl.  Opt., 

Vol.  5,  No.  9,  p>  1433,  1966.  [Investigated  the  frequency  spectra 
of  intensity  fluctuations  of  a  0.6328  pra  laser  over  4.5  and  14.5 
km  paths. ] 

701.  D.  H.  Hohn,  "Depolarization  of  a  Laser  Beam  at  6328  X  Due  to  Atmo¬ 
spheric  Transmission,"  Appl.  Opt.,  Vol.  8,  No.  2,  p.  367,  February 
1969.  [These  experimental  values  are  very  much  higher  than  that 
predicted  by  theories  regarding  turbulence- induced  depolarization.] 
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D.  H.  Hahn,  "On  Atmospheric  Propagation  of  a  Laser  Beam,"  Optik, 

Vol.  30,  No.  2,  p.  161,  1969.  [Laser  beam  at  6328  R  was  used  at 
ranges  up  to  4.5  km.  In  most  cases  the  distribution  function 
of  the  fluctuating  Intensity  was  log-normal. ] 

D.  H.  Hohn,  "On  the  Propagation  of  a  Laser  Beam  in  the  Atmosphere, 
II,"  Optik,  Vol.  30,  Ho.  3,  p.  234,  1969.  [This  part  deals  with 
intensity  fluctuations  and  the  mean  intensity  profile.  ] 

G.  C.  Holst,  Laser  Beam  Divergence  and  Far  Field  Measurements, 

Bept.  No.  FA-R-2075,  Frankford  Arsenal,  Phila.,  PA,  May  1973 
(AO  765  482/5) .  [Several  methods  are  available  for  determining 
the  divergence  from  the  far  field  pattern.  These  methods  are 
experimentally  verified  with  a  He-Ne  laser.] 

J.  Honbolt,  "Atmospheric  Turbulence,"  AIAA  J . ,  Vol.  11,  pp.  421-437, 
October  1973. 

A.  J.  Huber,  Measurements  of  the  Temporal  Power  Spectral  of  a  Pro¬ 
pagated  10.6  Micron  Wavefront,  RADC-TR-74-44,  February  1974 
(AD  777  259/3).  [Measurements  of  the  temporal  power  spectral  dens¬ 
ity  of  the  phase  coherence  of  an  atmospherically  degraded  10.6 
micron  wavelength  laser  beam.  ] 

A.  J.  Huber  and  R.  P.  Urtz,  "Experimental  Phase  Difference 
Spectra  for  10.6  ji,"  1972  Annual  Meeting  of  OSA,  17-20  October 
1972,  San  Francisco,  CA.  [Temporal  frequency  spectra  were  ob¬ 
tained  as  a  function  of  detecting  aperture  separation,  sensor  ori¬ 
entation,  Crg2  (obtained  using  microthermal  sensors) ,  and  wind 
speed  and  direction.] 

A.  Ishlmaru,  "Fluctuations  of  a  Beam  Propagating  Through  a  Locally 
Homogeneous  Medium,"  Radio  Sci. ,  Vol.  4,  pp.  295-305,  April  1969. 
[Calculates  Intensity  scintillations  and  computed  the  phase 
structure  function  in  linear  region  using  Rytov  method.] 

A.  Ishimaru,  "Fluctuations  of  a  Focused  Beam  Wave  for  Atmospheric 
Turbulence  Probing,"  Proc.  IEEE,  Vol.  57,  p.  407,  April  1969. 
[Frequency  spectrum  of  weak  turbulence  using  log-amplitude  fluctu¬ 
ations;  computes  phase  structure  function  using  Rytov' s  method.] 

W.  B.  Johnson,  Trans,  Am.  Geophya.  Union,  Vol.  50,  p.  159,  1969. 
[Verified  existence  of  saturation.  Abstract  only. ] 

W.  11.  Johnson,  et  al,  ,  Atmospheric  Effects  -  Laser  Safety  Criteria 
(U),  AFAL-TR- 68-243,  1968  (Confidential). 

W.  B.  Johnson,  et  al.,  Atmospheric  Effects  Upon  Laser  Eye  Safety. 

Pt.  I,  Stanford  Res.  Inst.,  April  1970.  [Experimental  results 
indicate  possibility  of  saturation.] 
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713.  M.  A.  Kallistratova  and  V.  V.  Pokasov,  "Defocusing  and  Shift 
Fluctuations  of  the  Displacement  of  a  Focused  Laser  Beam  in  the 
Atmosphere,"  Radiophys.  Quant.  Electron.,  Vol.  14,  pp.  940-945, 

August  1971.  [Results  of  measuring  the  turbulent  defocusing  and 
shifts  of  the  focused  radiation  beam  of  the  gas  laser  (X  ■  0.63  y) 
on  250  and  1750  m  traces  near  the  earth  under  the  conditions  of 
strong  amplitude  fluctuations.] 

714.  M.  A.  Kallistratova,  "On  the  Effect  of  the  Size  of  Optical  Systems 
on  the  Definition  of  Light  Beams  in  a  Turbulent  Atmosphere," 
RadiophyB.  Quant.  Electron.,  Vol.  15,  pp.  545-549,  April  1972. 
[Detailed  measurements  of  beam  intensity  in  turbulence  agree  with 
theory. ] 

715.  S.  S.  Kashkarov  and  K.  P.  Pogosyan,  "Investigation  of  Intensity 
Fluctuations  of  X  *»  10.6  y  Laser  Radiation  in  the  Atmosphere," 

Sov.  J.  Quant.  Electron. ,  Vol.  5,  No.  10,  p.  1267.  [The  relative 
variance  of  the  intensity  of  a  10.6  ym  laser  beam  transmitted  over 
either  13.5  km  or  16.3  km  atmospheric  path  was  measured  in  various 
turbulence  conditions.  The  relative  variance  was  similar  to  that 
found  previously  at  0.63  ym  and  saturated  in  strong  turbulence.] 

716.  J.  R.  Kerr,  Multiwavelength  Laser  Propagation  Study,  II,  Rept. 

No.  1154-8,  Oregon  Grad.  Ctr.  for  Study  &  Res.,  Portland,  OR, 

July  1970  (AD  709  458).  [A  comprehensive,  multiwavelength  laser- 
beam  propagation  facility  was  operated  over  a  horizontal,  1  mile 
path  in  order  to  investigate  the  adequacy  of  a  commonly-used 
atmospheric  model  and  to  establish  the  wavelength-depedence  oi 
scintillations. ] 

717.  J.  R.  Kerr,  Multiwavelength  Laser  Propagation  Study,  III,  Rept. 

No.  1154-9,  Oregon  Grad.  Ctr.  for  Study  &  Res.,  Portland,  OR, 
September  1970  (AD  712  097).  [Reviews  activities  In  a  comprehensive 
study  of  multiwavelength  laser  scintillations  due  to  atmospheric 
turbulence. ] 

718.  J.  R.  Kerr,  Multiwavelength  Laser  Propagation  Study,  III,  Pept. 

No.  1154-10,  Oregon  Grad.  Ctr.  for  Study  &  Res.,  Portland,  OR, 
December  1970  (AD  717  088).  [An  extensive  experimental  investiga¬ 
tion  of  multiwavelength  laser  beam  scintillations  and  atmospheric 
turbulence  characteristics  has  been  completed.  Saturation  phenomenon 
occurs  at  the  same  scintillation  levels  independent  of  wavelength, 
and  significant  fall  off  of  scintillation  'beyond  saturation'  is 
observed. ] 

719.  J.  R.  Kerr,  "Multiwavelength  Propagation  Experiments,  III,"  Prog, 
of  1971  Spring  Meeting  of  OSA,  5-8  April  .1971,  Tucson,  AZ.  [An 
extensive  experimental  investigation  of  multiwavelength  laser  beam 
scintillations  and  atmospheric-turbulence  characteristics  has  been 
completed. ] 
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720.  J.  R.  Kerr,  Propagation  of  Multiwavelength  Laser  Radiation  Through 
Atmospheric  Turbulence,  Rept.  No.  1174-1,  Oregon  Grad.  Ctr.  for 
Study  &  Res.,  Portland,  OR,  September  1972  (AD  752  565).  [Efforts 
that  are  underway  on  3  aspects  of  the  problem:  (1)  multiwavelength 
scintillations  over  a  long  horizontal  path,  (2)  turbulence  inter- 
mittency  effects,  and  (3)  transtter-aperture  effects  including  the 
calculation  of  atmospherically-induced  beam  wander.  ] 

721.  J.  R.  Kerr,  Propagation  of  Multiwavelength  Laser  Radiation  Through 
Atmospheric  Turbulence,  Rept.  No.  1174-2,  Oregon  Grad.  Ctr.  for 
Study  &  Res.,  Portland,  OR,  December  1972  (AD  757  562).  [Topics 
are  (1)  multiwavelength  scintillation  over  a  long  horizontal  path 
with  a  very  high  integrated-path  turbulence  level;  (2)  finite-beam 
or  transmitter  aperture  effects  including  beam  wander,  spread,  and 
scintillation;  and  (3)  turbulence  intermittency  effects.  ] 

722.  J.  R.  Kerr,  "Comments  on  'Irradiance  Fluctuations  in  Optical  Trans¬ 
mission  Through  thd  Atmosphere',"  JOSA,  Vol.  62,  No.  7,  p.  916, 

July  1972.  [Log  normal  statistics  seem  well  established  for 
saturated  conditions.] 

723.  J.  R.  Kerr,  "Experiments  on  Turbulence  Characteristics  and  Multi- 
Wavelength  Scintillation  Phenomena,"  JOSA,  Vol.  62,  No.  9,  pp.  1040- 
1051,  September  1972.  [Measurements  of  atmospheric  turbulence 
structure  and  multiwavelength  scintillation  statistics  are  described. 
The  scintillation  measurements  use  coincident  virtual  point  Bources, 
and  include  log-amplitude  variances  and  covariances,  spectra  and 
receiver-aperture  smoothing.] 

724.  J.  R.  Kerr,  Propagation  of  Multiwavelength  Laser  Radiation  Through 
Atmospheric  Turbulence,  Final  Technical  Report  15  June  1972  - 

31  August  1973,  Rept.  No.  1174-4,  Oregon  Grad.  Ctr.  for  Study  & 

Res.,  Portland,  OR  (AD  769  792/3).  [The  analytical  and  experimental 
study  of  finite-transmitter  and  wander- tracking  effects  on  target 
irradiance;  and  the  study  of  the  detailed  nature  of  microthermal 
turbulence  fluctuations,  including  turbulent  intermittency,  as 
related  to  short-term  scintillation  statistics.] 

725.  J.  R.  Kerr,  "Turbulence  Effects  on  Target  Illumination  by  Laser 
Transmitter:  Unified  Analysis  and  Experimental  Verificiation," 

AGARD  Conf.  Proc.  No.  163  Optical  Propagation  in  the  Atmosphere, 
Lyngby,  Denmark,  27-31  October  1975  (AD-A028  615).  [Mechanisms 
related  to  the  mean  irradiance  include  diffraction,  wander,  and 
wavefront  distortion  (beam-spread) ,  while  irradiance-fading  is 
caused  by  wander,  first-order  scintillation,  and  coherent  fading. 

The  phenomenological  description  unifies  the  often  fragmentary 
and  inconsistent  treatment  of  beam  wave  phenomena  found  in  the 
literature,  and  is  sufficiently  accurate  for  engineering  purposes.] 

726.  J.  R,  Kerr,  P.  J.  Titterton  and  C.  M.  Brown,  "Atmospheric  Distortion 
of  Short  Laser  Pulses,"  Appl.  Opt.,  Vol,  8,  No.  11,  p.  2233,  November 
1969.  [Experiments  are  described  using  real  time  pulse-comparison 
techniques  over  a  1.6  km  path,  with  a  pulse  duration  of  1.5  nsec,  an 
optical  thickness  of  2.8,  and  a  typical  angular  beamwidth  and  field 
of  view,  pulse  distortion  was  not  observed. ] 
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727.  J.  R.  Kerr  and  J.  R.  Dunphy,  Propagation  of  Multiwavelength  Laser 
Radiation  Through  Atmospheric  Turbulence.  Interim  Technical  Report 
1  December  1973  -  30  April  1974,  Rept.  No.  1103-1,  Oregon  Grad. 

Ctr.  for  Study  &  Res.,  Portland,  OR  (AD  783  277/7).  [A  unified 
analytical  and  phenomenological  treatment  of  the  mean  irradiance 
and  its  fluctuations  is  presented,  with  supporting  experimental 
data.  A  computer  simulation  technique  has  been  formulated  for  the 
generation  of  an  ensemble  of  instantaneous,  short  propagation  paths 
through  turbulence.] 

728.  J.  R.  Kerr,  et  al. ,  Propagation  of  Multiwavelength  Laser  Radiation \ 

through  Atmospheric  Turbulence,  RADC-TR- 74-320  (AD-A003  340/7ST) .  ' 

[Model  of  intermittent  turbulence  is  given  and  it  iB  shown  that 

the  usual  mathematical  techniques  may  be  applied.] 

729.  J.  R.  Kerr,  et  al.,  Propagation  of  Multiwavelength  Laser  Radiation 
Through  Atmospheric  Turbulence,  Interim  Report  1  April  1975  - 

31  July  1975,  Oregon  Grad.  Ctr.  for  Study  &  Res.,  Portland,  OR 
(AD-A023  202/5ST).  [It  is  found  experimentally  that  moderately 
strong  scintillations  are  not  described  by  a  bivariate  log  normal 
distribution.  A  study  of  computer  simulation  techniques  is  des¬ 
cribed  which  has  the  goal  of  making  possible  realistic  models  of 
propagation  paths  for  the  short-term,  time-dependent  statistics 
of  scintillation,  including  the  effectB  df  localized  or  intermittent 
strength  of  turbulence.] 

730.  J.  R.  Kerr,  et  al.,  Propagation  of  Multiwavelength  Laser  Radiation 
Through  Atmospheric  Turbulence,  PADC-TR- 76- 49^  1976";  [Presents 
details  of  calculations  given  by  tee  (JOSA,  Vol.  66,  p.  1389).] 

731.  J.  R.  Kerr,  et  al.,  Propagation  of  Multiwavelength  Laser  Radiation 
Through  Atmospheric  Turbulence,  Final  Report  1  February  -  30  November 
1976,  Oregon  Grad.  Ctr.  for  Study  &  Res.,  Portland,  OR  (AD-A036  503/ 
1ST).  [A  complete  theory  is  presented  for  the  statistical  effects 

of  atmospheric  turbulence  on  coherent  radiation  reflected  from  a 
diffuse  target.] 

732.  J.  R.  Kerr  and  J.  R.  Dunphy,  "Experimental  Effects  of  Finite  Trans¬ 
mitter  Apertures  on  Scintillations,"  JOSA,  Vol.  63,  No.  1,  pp.  1-8, 
January  1973.  [Photographic  studies  for  qualitative  interpretation 
of  log-amplitude  variance,  covariance,  probability  distributions  and 
the  spectra  of  scintillations.] 

733.  H.  V.  Khinrikus,  A.  E.  Puro  and  G.  Ye.  Tsyhanov,  "Parameter  Investi¬ 
gation  of  a  Laser  Beam  Propagating  Through  a  Turbulent  Atmosphere," 
Izv.  vuz.  Radioelektron.  Vol.  17,  No.  8,  p.  110,  August  1974. 
[Fluctuations  of  the  parameters  of  a  collimated  laser  beam  (A  ■ 

0.63  yra)  have  been  studied  over  a  5  km  urban  path,  with  the  object 
of  obtaining  information  for  the  design  of  an  optical  communications 
link.] 
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734.  S.  S.  Khmelevtsov,  "Propagation  of  Laser  Radiation  in  a  Turbulent 
Atmosphere,"  Appl.  Opt.,  Vol.  12,  No.  10,  pp.  2421-2433,  October 
1973.  [Influence  of  laser  radiation  specificity-space  limitation, 
coherence,  broadening  of  beams,  their  random  wanderings,  and  in¬ 
tensity  fluctuations. ] 

735.  S.  S.  Khmelevtsov  and  R.  Sh.  Tsvyk,  Izv.  vuz.  Radiofiz.,  Nc.  1, 

1970.  [Investigated  intensity  distribution  of  0.6328  ym  laser.] 

736.  S.  S.  Khmelevtsov  and  R.  Sh.  Tsvyk,  "Experimental  Investigation  of 
Fluctuations  in  Light  Intensity  in  a  Turbulent  Atmosphere,"  Izv. 
vuz.  Radiofiz.,  No.  6,  p.  130,  1973,  Trans,  in  Sov.  Phys.  J., 

No.  6.  [Measurements  are  reported  of  intensity  fluctuations  in 
light  from  a  Ne-He  laser  source  over  path  lengths  up  to  18.5  km 
in  a  turbulent  atmosphere.  The  results  are  compared  with  various 
theoretical  estimates  currently  available.] 

737.  S.  S.  Khmelevtsov  and  R.  Sh.  Tsvyk,  "Intensity  Fluctuations  and 
Angle  of  Arrival  of  Light  Waves  in  Space-Limited  Collimated  Beams 
in  a  Turbulent  Atmosphere, "  Izv.  vuz.  Radiofiz.,  No.  9,  p.  108, 

1973,  Trans,  in  Sov.  Phys.  J.  [Experimental  results  are  reported 
for  intensity  fluctuations  and  angle  of  arrival  of  a  laser  beam 
over  path  lengths  between  500  and  700  m.  ] 

738.  Y.  Kinoshita,  T.  Asakura  and  M.  Suzuki,  "Fluctuation  Distribution 
of  Gaussian  Beam  Propagating  Through  a  Random  Medium,"  JQSA, 

Vol.  58,  No.  6,  pp.  798-807,  June  1968.  [Obtained  solution  for 

the  variance  of  log  amplitude  acroaB  the  entire  beam  cross  section.] 

739.  R.  H.  Kleen  and  G.  R.  Ochs,  "Measurements  of  the  Wavelength  Dependent 
of  Scintillation  in  Strong  Turbulence,"  JQSA,  Vol.  60,  No.  12,  p.  1695, 
December  1970  (COM-73- 101 19- l 7) .  [Observations  below  saturation  in¬ 
dicated  good  agreement  with  the  predicted  wavelength  dependence. 

With  increasing  turbulence,  the  scintillations  for  both  0.6328  and 
1.084  ym  wavelengths  saturated  at  nearly  the  same  level  and  then 
decreased,  the  shorter  wavelength  tending  to  decrease  more  rapidly.] 

740.  V.  Klyatskin,  "Applicability  of  the  Approximation  of  a  Markov  Random 
Process  in  Problems  Related  to  Light  in  a  Medium  with  Random  Inhomo- 
geneities,"  Sov.  Phys.  JETP,  Vol.  30,  pp.  520-523,  March  1970. 

741.  V,  Klyatskin  and  V.  I.  Tatarski,  "The  Parabolic  Equation  Approximation 
for  Propagation  of  Waves  in  a  Medium  with  Random  Inhomogeneities," 

Sov.  Phys.  JETP,  Vol.  31,  pp.  335-339,  August  1970. 


V.  Klyatskin  and  A.  I.  Ron,  "On  the  Displacement  of  Spatially  Bounded 
Light  Beams  in  a  Turbulent  Medium  in  the  Markoviau-Random-Process 
Approximation,"  RadiophyB.  Quant.  Electron.,  Vol.  15,  pp.  1056-1061, 
September  1972.  [Beam  wander  is  investigated  theoretically  using 
Markovian-random-process  approximation. ] 


743.  A.  I.  Kon,  "Focusing  of  Light  in  a  Turbulent  Medium,"  Radiophys. 
Quant.  Electron.,  Vol.  13,  pp.  43-50,  January  1970.  [Develops 
equation  for  short  term  lrradiance  using  Huygens-Fresnel  principle.  ] 

744.  A.  I.  Kon  and  V.  I.  Tatarski,  Izv.  vuz.  Radiofiz. ,  Vol.  7,  No.  2, 
p.  306,  1964.  [Investigated  strength  of  source  flicker  vs.  source 
angular  dimension. ] 

745.  A.  1.  Kon  and  V.  I.  Tatarski,  "Parameter  Fluctuations  of  a  Space- 
Limited  Light  Beam  in  a  Turbulent  Atmosphere,"  Izv,  vuz.  Radiofiz. , 
Vol,  8,  No.  5,  p.  870(  1965,  Trans,  in  Sov.  Radiophys.,  Vol.  8, 

No.  5,  p.  617,  1965.  [Derived  expressions  for  calculating  fluctu¬ 
ations  in  phase  and  divergence  of  beam  in  turbulent  atmosphere.  ] 

746.  A.  I.  Kon  and  V.  I.  Tatarski,  "Theory  of  Propagation  bf  Partially 
Coherent  Light  Beams  in  a  Turbulent  Atmosphere,"  Izv.  vuz.  Radiofiz., 
Vol.  10,  p.  1547,  1972  (AD-A000  999/3SL).  [The  function  of  mutual 
coherence  is  considered.] 

747.  W.  L.  Kuriger,  "Technique  for  Measuring  Laser  Beam  Proapgation  Direc¬ 
tion  Fluctuations,"  Appl.  Opt. ,  Vol.  10,  No.  11,  p.  2462,  November 
1971.  [The  far-fleld  modulation  phase  distribution  is  shown  to  be 
relatively  unaffected  by  turbulence,  and  results  are  given  for  a 
series  of  experimental  measurements  of  beam-pointing  fluctuations.] 

748.  R.  L.  Kurtz  and  J.  L.  Hayes,  Experimental  Measurement  of  Optical 
Angular  Deviation  Caused  by  Atmospheric  Turbulence  and  Refraction, 
NASA-TN-D-3439 ,  May  1966.  [Amplitude  and  frequency  of  random 
position  fluctuation  for  6  months,  paths  of  165  and  3200  m,  6328  A 
laser. ] 

749.  J.  P.  Laussade  and  A.  Yariv,  "A  Theoretical  Study  of  Optical  Wave 
Propagation  Through  Random  Atmospheric  Turbulence,"  Radio  Sci. , 

Vol.  5,  No.  8,  p.  1119,  August/September  1970  (AD  725  302).  [A 
new  method  for  obtaining  exact  analytical  expressions  for  some 
statistical  functions  of  an  optical  wave  propagating  through  a 
randomly  turbulent  medium  is  reported.  The  intensity  correlation 
function  (<I(L,  ri)l(L,  r2)>)  is  investigated,  and  recent  experi¬ 
mental  results  regarding  the  behavior  of  the  intensity  fluctuations 
are  discussed.] 
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